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Raman spectroscopy of Li2SO4 was performed for pressures in the range 1 bar to 80 kbar. The
crystal remains in the original P phase if the pressure is kept below 13 kbar. At this pressure the
spectrum undergoes qualitative changes in a continuous way as a function of time, up to about 8
h. This was interpreted as a dynamical transition to a new structure, called the y phase. Sub-
stantial modifications in the spectra were also observed to occur when the pressure exceeded 35
kbar. Above this value the results suggest another high-pressure phase with a noncentrosym-
metric space group.
I. INTRODUCTION
Lithium sulfate is considered a promising material for
technical applications as a heat storage medium or solid
electrolyte, because of the physical properties it acquires
after the phase transition from the monoclinic structure
(P phase), to the fcc disordered structure (a phase) at
T 848 K. ' No additional structural phase transition
has been observed for this compound for temperatures
from 90 K to the melting point at 1133 K. To probe for
pressure-triggered structural changes in Li2SO4, experi-
mental data on both x-ray diffraction and Raman scatter-
ing are required.
In this work, a pressure Raman study is presented.
Continuous change of the Raman spectrum occurs in time
when triggered by a pressure of 13 kbar. At a pressure of
35 kbar, another change takes place, having most of the
general characteristics of a polyhedral-tilt-driven transi-
tion.
II. EXPERIMENTAL
Single crystals of anhydrous Li2SO4 were grown from
H20-H2SO4-Li2SO4 solutions at 30'C, using a method
described previously. These highly hygroscopic samples
transform into the monohydrate compound when exposed
to atmospheric humidity. To prevent this transformation,
the crystals were covered with anhydrous methanol in a
sealed vessel. To load the pressure cell, one crystal was
selected and cut under a microscope into small pieces, one
of which was placed inside a 300-pm-diam hole in a Cu-
Be gasket. This operation was performed in the shortest
time possible to minimize the chance of hydration. The
anhydrous character of the samples was indicated by the
absence of the lithium sulfate monohydrate Raman lines.
For pressure calibration, we employed the well-known
pressure shift of the ruby luminescence lines. A 4:1
methanol-ethanol mixture was used as the pressure-
transmitting Auid. The pressure cell was of the opposed
anvils type, with one of the anvils made of sapphire, as
previously described. All the measurements were per-
formed at room temperature. The excitation was achieved
with the 5145-A. line of an argon-ion laser. Some of the
laser plasma lines were used as a reference for positioning
Raman bands. Unpolarized spectra were obtained from
backscattering configuration.
III. RESULTS AND DISCUSSION
Polarized Raman studies of lithium sulfate were pub-
lished by Cazzanelli and Frech. They observed 15 bands
assigned to internal modes as follows: an accidental de-
generated band at 1014 cm ' corresponding to the
As(v~) and Bs(v~) modes; two groups of three bands (at
1123, 1127, and 1194 cm ' and at 1116, 1150, and 1204
cm ') due to the Ag(v3) and the Bg(v3) modes, respec-
tively; two isolated peaks at 617 and 623 cm ' due to the
A~(v4) and Ba(v4) modes, respectively, and two more
bands at 650 and 666 cm ' which have been considered
as degeneration of the last two symmetry modes. The v2
vibration generates four peaks in the 440-550-cm
range. Neither these last modes nor the external modes
were analyzed in the present work; they are covered either
by strong Raman peaks coming from the sapphire window
of our pressure cell or by a background of spurious light in
the same frequency region. We were able to accompany
the frequency evolution with pressure for all the remain-
ing bands except for one very weak Bg (v3) mode (at 1116
cm '). Also, two of the Ag(v3) modes (at 1123 and 1127
cm ') appeared as a unique peak in our spectra, which
was designed as Ag* in this text. The different modes will
be denoted by their symmetry, followed, in parentheses,
by their atmospheric-pressure frequency value in cm
(as determined from the intercept of a straight line used
to fit the pressure data). The Raman spectrum of Li2SO4
was studied as a function of pressure according to the fol-
lowing procedure: (a) Immediately after the pressure was
applied one spectrum was recorded and after one hour
elapsed the spectrum was repeated for the same pressure
value; (b) if no qualitative modification was observed, the
pressure was increased repeating step (a); (c) when
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modifications were observed, the system was kept at con-
stant pressure, taking successive spectra at different times
up to 24 h. Several runs were performed using this kind of
procedure. For each run the spectrum remained the same
for increasing pressure up to P 13 kbar. At this point,
qualitative modifications which evolved continuously in
time were observed to occur. One such modification is
exemplified in Fig. 1. The lowest curve, labeled 0.0 h, was
taken immediately after compression to 13.1 kbar. It con-
tains the characteristic bands of P —Li2$04, as well as a
shoulder on the low-frequency side of the Ag+Bg (1014)
peak, and a middle band in the v4 region of the spectrum.
The intensity of these latter bands, which are new, is ob-
served to increase, whereas the P-phase band intensities
decrease, as can be seen in the 2.0-h curve of Fig. 1. The
modifications stopped after -8 h of the application of the
pressure. The v3 region also showed marked modifications
evident in Fig. l.
For P ) 13 kbar, the results could not be compared
straightforwardly, since several qualitative differences ex-
isted among spectra belonging to different runs. However,
we were able to establish some general trends, Spectra al-
ways changed qualitatively at P 13 kbar on increasing
pressure. In the range 13-21 kbar, spectra from the same
configuration did not change qualitatively if the first pres-
sure point was kept constant for a long enough time
(several hours). On increasing the pressure further, a
slight change was observed to occur at P-21 kbar, with
the disappearance of some peaks and the simultaneous ap-
pearance of others. But a striking qualitative modification
was observed to occur as soon as the pressure reached 35
kbar, with several new peaks appearing in the spectra.
For higher pressures the spectra are essentially unchanged
up to P 80 kbar, except for relative intensity changes
and the usual frequency shifts.
All the results are summarized in Figs. 2 and 3, where
Raman frequencies are plotted as a function of pressure.
In these figures open symbols denote increasing pressure
measurements and solid symbols denote decreasing pres-
sures. Different symbols are employed to distinguish the
different starting configurations. Least-squares fittings
with straight lines are shown as solid lines in these figures.
The fittings were made separately for three pressure
ranges: 1 bar to 13 kbar, 13-35 kbar, and 35-80 kbar.
The coefficients obtained from these fittings are listed in
Table I.
In Fig. 2, the five curves for P ( 13 kbar represent ro vs
P for the v4 and v~ type of motion in the P phase. The
range 13-35 kbar shows eight curves labeled y;
(i 1, . . . , 8). None of these curves coincides with those
for P-phase modes. Quantitative differences are seen in
the pressure coefficients of Table I. These facts point to a
structural phase transition, taking place at 13 kbar, from
the P phase to a new y phase. Ten curves were defined in
the range 35-80 kbar labeled b; (i 1, . . . , 10) in Fig. 2.
None of these curves coincides with any of the y curves,
indicating another structural arrangement (the b phase)
distinct from those of both the room pressure P phase and
the y phase.
More information can be inferred from the comparison
between data in the 35-80-kbar range and the others. In
Fig. 2 each b curve corresponds to a distinct starting
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FIG. 1. Raman spectra of Li2SO4 illustrating transformation
occurring with time at a fixed pressure value.
FIG. 2. Frequency dependence on pressure for the v4- and
vi-type Raman modes.
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616.5 ~ 0.5
622.2 +' 0.7
649.9+0.7
664+ 1
1013.6+ 0.6
1124+ 1
1148.4 +' 0.5
1193.2+ 0.9
1204+ 1
0.20+' 0.06
0.35 +' 0.08
0.43 +' 0.08
0.6 ~ 0.1
0.72+ 0.07
0.6 + 0.1
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0.48 w 0.04
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0.59 w 0.04
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0.33+ 0.05
0.32+ 0.05
0.56 +' 0.07
0.24+ 0.05
0.19 +' 0.05
0.59 +' 0.04
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0.24 ~ 0.02
0.15 W 0.02
0.21 + 0.02
0.20 w 0.04
0.31 ~ 0.04
0.26 +' 0.02
0.37 +' 0.02
0.34+' 0.01
0.33+ 0.03
0.44+ 0.04
0.49+ 0.01
0.47 ~ 0.03
0.26+ 0.02
0.42+ 0.03
0.51+0.03
0.37 w 0.03
0.37 +0.03
0.51 +' 0.02
0.32 +' 0.08
0.62 ~ 0.01
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crystals have primarily corner-linked S04 and Li04
tetrahedra, but some differences in linkage lead to three-
dimensional arrangements that differ considerably. An
intriguing possibility exists, therefore, that forces of the
same magnitude drive the modifications in the structure
for both compounds. An empirical relationship between
polyhedral bulk modules and mean cation-anion separa-
tion allows one to estimate the volume reduction of the
tetrahedra. We find in both compounds that the Li04
tetrahedra compressibility is fourteen times greater than
that of the S04 tetrahedra, so that deformation of Li04
tetrahedra may occur, whereas the S04 groups are expect-
ed mainly to tilt. Actually, the y b transition reveals
several of the characteristics of a polyhedral tilt mecha-
nism, being rapid, reversible, and accompanied with loss
of a symmetry operator. Hence, tilting of S04 tetrahedra
may be responsible for this transition. The P y trans-
formation, on the other hand, proceeds slowly and slug-
gishly. It may be related to Li04 tetrahedra deformation
but to be conclusive x-ray-diffraction data are needed.
IV. CONCLUSIONS
Unpolarized Raman spectra were obtained from
single-crystal anhydrous lithium sulfate in the pressure
range 1 bar to 80 kbar. We found evidence of the oc-
currence of two structural phase transitions, one at P 13
kbar (P~ y) and the other at P 35 kbar (y~ b). It
was observed that the first transition stops some 6-8 h
after compression of the sample at P 13 kbar, exhibiting
a strong hysteresis effect. The general aspects of the
P y transformation had been observed before for
NH4LiS04, a compound for which the S04 and Li04
units have the same compressibility values as for Li&S04.
It is intriguing to propose that the high compression of
Li04 tetrahedra may cause this transition, although in an
unspecified manner.
The 35-kbar transition, on the other hand, occurs
without time effects and exhibits total reversibility to the
y phase. In addition, we found evidence for loss of the in-
version symmetry in transforming from the y to the 8
phase. These are typical characteristics of tilting transfor-
mation. Hence, the y b transition may occur as a re-
sult of the tilting of SQ4 tetrahedra.
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